Background. Colorectal cancer is the fourth leading cause of death in the world. Minimally invasive surgery has been demonstrated to have the same oncological results as open surgery, with better clinical outcomes. Robotic assistance is an evolution of minimally invasive technique. This study aims to evaluate surgical and oncological short-term outcomes of robotic-assisted right colon resection in malignant disease. Methods. Fifty consecutive patients affected by rightsided colon cancer were operated from May 2001 to May 2009 using the da Vinci Ò surgical system. Data regarding surgical and early oncological outcomes were systematically collected in a specific database for statistical analysis. Results. Twenty-four male and 26 female patients underwent robotic right colectomy. Median age was 73.34 ± 11 years. Median operative time was 223.50 (180-270) min. No conversion occurred. Specimen length was 26.7 ± 8 cm (range 21-50 cm), number of harvested lymph nodes was 18.76 ± 7.2 (range 12-44), and mean number of positive lymph nodes was 1.65 ± 3 (range 0-17). Surgeryrelated morbidity was 1/50 (2%): one twisting of the mesentery in one case with extracorporeal anastomosis. All patients were included in a follow-up regimen. Diseasefree survival was 90% (45/50), and overall survival was 92% (46/50). Cancer-related mortality was 8% (4/50). 
Since 2002, laparoscopic technique has revolutionized the treatment of malignant colorectal disease, showing the same oncological results as open technique. [1] [2] [3] [4] [5] [6] [7] [8] [9] However there are some technical drawbacks to the laparoscopic approach, including lack of three-dimensional (3-D) visualization, limited range of motion due to fixed trocar sites and rigid instrumentation, poor ergonomics, amplification of physiologic tremor, and decreased sense of touch.
In the last 10 years, robotic systems have been developed to overcome the limitations of laparoscopic surgery. The da Vinci Ò surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA) was the first telerobotic system approved for intra-abdominal surgery in the USA by the Food and Drug Administration (FDA). 10 The first robotic colorectal surgical procedure was reported in 2001. 11 After that, various experiences of robotic colorectal surgery were reported for treatment of benign and malignant diseases. [12] [13] [14] However, there are few studies analyzing accuracy in larger series of robotic right colectomy for malignancy. This study aims to evaluate the feasibility and the short-term surgical and oncological outcomes of robotic-assisted right colon resection in malignant disease.
METHODS
This study analyzes 50 consecutive robotic procedures performed for right-sided colon cancer from May 2001 to May 2009.
The data set includes patient characteristics, surgical parameters, complications, pathology, and follow-up. Pathological examination of the resected specimen followed a standard protocol.
The software used for statistical analysis was SPSS version 17 (SPSS Inc., Chicago, IL, USA). Mean ± standard deviation (SD), median, and interquartile range (IQR) were calculated for appropriate variables. Kaplan-Meier method was used for univariate survival analysis.
Robotic-Assisted Right Colectomy
Operative room setup and placement of ports are shown in Fig. 1 .
The procedure is carried out with a full robotic technique. The robotic cart approaches from the right side of the patient, and the three operative arms are connected to the ports. The procedure begins by grasping upward and laterally the mesentery of the last ileal loop. This maneuver, performed with the forceps mounted on the fourth arm, enhances the prominence of the ileocolic vessels (ICVs) and provides stable and durable retraction. The peritoneal layer of the mesentery is incised just below this salience, and an accurate lymphadenectomy is performed along the superior mesenteric axis (SMx). Then, the ICVs are isolated and separately legated and sectioned. Dissection of the right mesocolon follows a caudocranial pathway, along the right side of the SMx. Following this path, it is possible to remove the lymphatic tissue completely, safely identifying the inconstant right colic vessels (RCVs), which may be sectioned at their origin, until reaching the root of the transverse mesocolon. Dissection along the lateral margin of the middle colic vessels allows the right branch of the middle colic vessels (RMCVs) to be reached more easily, which is then treated as in the standard right colectomy (R1). Resection of the whole pedicle of the middle colic vessels is performed only for localization at the right colic flexure, for which extended right colectomy (R2) is needed.
Mobilization of the colon is performed in medial to lateral direction in the avascular plane between Gerota's and Toldt's fasciae. During this step, the knee of the duodenum constitutes an important landmark to drive the dissection upward, over the duodenal third portion and the pancreatic head, along Fredet's fascia. The right ureter and the gonadic vessels are left below the plane of dissection.
The hepatic flexure is then mobilized, sectioning the lateral portion of the gastrocolic and the hepatocolic ligaments. This step enables the resection to join the previously dissected plane and to complete the lymphadenectomy around the gastroepiploic vessels.
The transverse colon and the last ileal loop are finally sectioned by linear stapler.
The ileum and the transverse colon are joined with a running suture, and an intracorporeal isoperistaltic doublelayer side-to-side ileocolic anastomosis is fashioned using a 3-0 absorbable monofilament suture (Fig. 2) .
We performed extracorporeal anastomosis in cases 1-5: the daVinci Ò system is disengaged from the patient, then a median supraumbilical minilaparotomy is performed, through which an isoperistaltic side-to-side ileocolic anastomosis is fashioned.
The specimen is retrieved at the end of the procedure through a small muscle-splitting Pfannenstiel minilaparotomy. This incision is protected from potential contamination by a wound protector.
RESULTS
This study was based on 50 consecutive right colectomies using the da Vinci Ò S-HD surgical system. Twenty-four male and 26 female patients underwent robotic right colectomy. Patient characteristics are presented in Table 1 .
FIG. 1
Operating room and port position: C, camera port; A, assistant port; R1, robotic arm 1; R2, robotic arm 2;R3, robotic arm 3; ML, minilaparotomy (Pfannenstiel) Median operative time was 223.50 (180-270) min. We considered four phases in the procedure: (1) port setup time, (2) docking time, (3) robot time, and (4) assisted time. The port setup time includes skin incision and placement of ports; it was 10.50 (IQR 7-13) min. Docking time includes approach of the robot to the operative table and connection of the robotic arms to the ports; it was 8 (IQR 7-8) min. Robot time extends from the first activation of the robotic instruments by the surgeon at the console to the release of the masters at the end of the procedure; it was 184 (IQR 148-233) min. The assisted time includes robot undocking, creation of the minilaparotomy, harvest of the specimen, and closure of the minilaparotomy; it was 20 (IQR 17-25) min. Intraoperative blood loss was 20 mL (IQR 0-100 mL). Specimen length was 26.7 ± 8 cm (range 21-50 cm). Number of harvested lymph nodes was 18.76 ± 7.2 (range 12-44), and mean number of positive lymph nodes was 1.65 ± 3 (range 0-17). Recovery of bowel function was on day 2.51 ± 1 (range 1-4), oral re-intake was on day 3.47 ± 0.6 (range 2-4), and length of stay was 7 ± 1.2 days (range 5-9 days) ( Table 2 ). Surgery-related morbidity was 2%: one twisting of the mesentery, in case 5 where we performed an extracorporeal anastomosis, which needed a laparoscopic redo. Neither conversions nor 30-day mortality occurred. All patients were treated with curative-intent surgery and adjuvant chemotherapy (CHT) according to current international guidelines for colorectal cancer. 15 At median follow-up of 36 months (range 6-96 months), disease-free survival was 90% (45/50), overall survival was 92% (46/50), and disease-related mortality was 8% (4/50) ( Table 1) . Stages included in the survival analyses were II, III, and IV. There were 17, 13, and 6 patients in stage II, III, and IV, respectively. Overall survival for stage II, III, and IV was 94.1%, 92.3%, and 66.7%, respectively (Fig. 3) . Diseasefree survival for stage II and III was 100% and 84.6%, respectively. All patients with pathological stage II and III were referred for CHT treatment based on a combination of 5-fluorouracil (5-FU)/leucovorin/oxaliplatin ± irinotecan (FOLFOX/FOLFOXIRI). Stage IV patients were submitted to different treatments: two patients with single liver metastasis were referred for radiofrequency treatment before CHT (FOLFOX/FOLFOXIRI ± monoclonal antibodies); four patients, three of whom had more than three liver metastases, were submitted directly to CHT (FOLFOX/ FOLFOXIRI ± monoclonal antibodies): one patient had synchronous resection for both pulmonary and liver metastases after treatment; two patients died during CHT.
DISCUSSION
Robotic surgery is spreading all over the world for many surgical procedures ranging from cardiac to general and urologic surgery thanks to its potential advantages overcoming the negative aspects of laparoscopic approach. [16] [17] [18] [19] [20] The first robot-assisted colectomy was reported by Ballantyne et al. in 2001. 11 Since then, several surgeons have performed robotic colorectal surgery. [12] [13] [14] 21, 22 To our knowledge, this is the first report on a larger series of robotic right colectomies, evaluating its safety and feasibility, focusing on short-term outcomes and oncological adequacy. Analysis of cost aspects of robotic surgery is outside the scope of this study.
One of the most important prognostic factors in colorectal carcinoma is nodal status at time of surgical treatment. Presence of nodal metastasis and mainly its distribution are key factors in predicting disease-free and long-term survival and for deciding on postoperative adjuvant therapy. [23] [24] [25] [26] The American Joint Committee on Cancer (AJCC) and College of American Pathologists (CAP) recommend evaluation of a minimum of 12 lymph nodes. 27, 28 Moreover, it has recently been demonstrated that the lymph node ratio (LNR) rather than the number of harvested lymph nodes is a significant prognostic factor for both disease recurrence and overall survival in specimens with more than ten harvested lymph nodes, and that the length of the specimen is a strong and independent predictor of the number of harvested lymph nodes. 29, 30 In our experience, we were able to perform correct R1 right colectomy for cecal and ascending colon cancer and R2 right colectomy in case of carcinoma of the hepatic flexure, easily indentifying the major colic vessels and carrying out accurate lymphadenectomy over the plane of the SMx, taking advantage of the steady, 3-D image view and of the articulation (Endowrist Ò ) of the robotic instruments, which allowed us to manage organs such as the pancreas or the duodenum gently, especially in narrow spaces. The average length of the resected specimen in this series was 26.7 ± 8 cm, and the mean number of harvested lymph nodes was 18.76 ± 7.2, above the minimum recommended by the AJCC. pN status was indeed determined based on an adequate number of harvested lymph nodes for each disease stage. Considering LNR as a useful independent prognostic factor, it is evident that the number of retrieved lymph nodes should be as large as possible to avoid risk of stage migration. Our observation is that robotic technique could allow better standardization, leading to improved performance of minimally invasive right colic resection, especially in terms of achieving correct lymphatic resection in a high fraction of cases. In our opinion, these results essentially show the adequacy of robotic technique to achieve oncologically correct right colic resection.
We report median follow-up of 36 months. Disease-free and overall survival were 90% and 92%, respectively; survival rates for stage II and III was 94.1% and 92.3%, and disease-free survival was 100% and 93%, respectively (Fig. 3) .
Recent studies have shown 3-year overall survival varying from 68% to 100% for stage II and from 68% to 97% for stage III, and 5-year survival rates for stage II and III of about 72-90% and 44-72%, respectively. [31] [32] [33] [34] Comparison of our results with the literature shows that robotic right colic resection is able to offer the same shortterm outcome as right colic resection performed by conventional laparoscopy or laparotomy.
Although the limited number of patients enrolled and probably the time-lag of the follow-up may represent the main limitations of our study, our results may be considered as the first report focused on feasibility and oncological adequacy of this new approach for treatment of right-sided colon cancer.
Postoperative outcome was acceptable: first flatus and oral resumption were quickly achieved without any complications. However, median operative time was 223.50 min, which is quite long compared with laparoscopic and open approaches as widely reported in the literature. This could be justified by three independent factors: docking time, the learning curve, and intracorporeal fashioning of the anastomosis. The first of these required short training in the first cases for optimal assessment, whereas the second of these was completed during the first phase of the experience. Moreover, in our experience, systematic application of robotic technique even in other procedures could help shorten the learning curve for right colic resection. In the final cases, indeed, docking time and robot time were significantly reduced, confirming that adequate preparation and continuous team training are essential to improve performance in robotic surgery (Fig. 4) . 1  9  8  7  6  5  4  3  2  1  2  4  1  3  0  3  9  2  8  2  7  2  6  2  5  2  4  2  3  2  2  2  1  2  0  2  9  1  8  1  7  1  6  1  5  1  4  1  3  1  2  1  33 34 35 36 37 38 39 40 41 43 44 45 46 47 48 49 50   45   40   35   30   25   20   15   10   5   Part-time  Docking-time  Assist-time   2  3  1  1  0  1  9  8  7  6  5  4  3  2  1  2  4  1  3  0  3  9  2  8  2  7  2  6  2  5  2  4  2  3  2  2  2  1  2  0  2  9  1  8  1  7  1  6  1  5  1  4  1  3 We performed extracorporeal anastomosis (EA) in the first five cases of our experience. This choice was justified in the first phase of the experience during the initial development of the learning curve. In case 5 we experienced twisting of the mesentery after having completed the EA. Therefore, we chose to routinely perform intracorporeal anastomosis (IA) starting from case 6, taking advantage of the robotic features for fashioning of handsewn sutures.
In the literature there are few reports comparing outcomes based on different anastomotic techniques in minimally invasive procedures for colon cancer. Only four studies describe experience with intracorporeal laparoscopic anastomosis in right colectomies. 35, 36 Franklin et al. reported 82 laparoscopic right colectomies with IA, showing its safety and feasibility. 37 Bergamaschi et al. reported their experience in terms of short-term outcome of 111 right colectomies with totally stapled IA, concluding that it is potentially faster and easy to perform but can increase risk of inadvertent stricture caused by posterior bowel wall involvement during the stapling procedure. 38 Hellan et al. reported a series of 80 patients submitted to right laparoscopic colectomy for right colon cancer. In this experience, they compared 57 EA and 23 IA, registering anastomotic-related morbidity in 4 patients (7%) of the EA group versus 1 (4.3%) patient of the IA group. However, they experienced longer operative time in the IA group. 35 We did not experience any complications related to robot-assisted handsewn IA, which was easily performed without additional stress for the surgeon and without any bowel trauma possibly caused by gross manipulation. These two considerations lead us to believe that the da Vinci Ò surgical system is highly suitable for performance of microsutures and anastomoses and that the intracorporeal approach avoids the risk of preternatural tension and twisting of the mesentery which may occur in the extracorporeal approach. 35, 38, 39 The intracorporeal technique has the potential advantage, in addition, of allowing the surgeon to choose the optimal abdominal location for harvesting the specimen and consequently to perform a smaller skin incision. Some studies reported the rate of incisional hernia after midline laparotomy, ranging between 2% and 20%, while others reported a 2% rate after a Pfannenstiel incision. [40] [41] [42] In the present series we always performed a Pfannenstiel incision, which is currently our favored choice, and we did not experience any incisional hernias or wound infections.
CONCLUSIONS
Our experience has demonstrated the safety and technical feasibility of using the da Vinci Ò system to perform oncologically adequate right colectomy. The advantages of robotic technique may lead to better standardization of the procedure and further dissemination of the minimally invasive approach for treatment of right colon cancer. However, further investigations and randomized clinical trials (RCTs) are needed to establish the effective role of robotic assistance in minimally invasive treatment of rightsided colon cancer.
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